INTRODUCTION
SWALLOWING is a complex pattern of muscle activity which is based upon an integration of both learned and unlearned reflexes. DOTY (1968) divides deglutition into three sequential components according to their respective neural control systems: the buccopharyngeal, the oesopharyngeal and the gastroesophageal phases. In the present study, selected muscle groups active during the first phase of swallowing have been examined.
Swallowing is initiated by appropriate stimulation of the fifth, ninth, or tenth cranial nerves or by input from specific cortical, hypothalamic or midbrain areas (STOREY, 1967) . The glossopharyngeal nerve, the pharyngeal branch of the vagus nerve and the superior laryngeal nerve, which innervate the base of the tongue, the faucal pillars, the larynx and the posterior pharyngeal areas, are the primary afferent nerves for the reflex initiation of swallowing. Impulses trigger the neurons of the swallowing centre, which are located in the lateral portion of the reticular formation (MILLER and SHERRINGTON, 1916; DOTY, RICHMOND and STOREY, 1967) . The swallowing centre is a functional neuronal grouping which, when stimulated, produces the appropriate excitatory and inhibitory sequence of motor neuron activity (DOTY et al., 1967) . The swallow is a synergy involving motor nuclei from the fifth to the twelfth cranial nerves.
995
Swallowing has been studied and described in many different ways, depending upon the circumstances and constraints of the investigative situation and upon the species. For example, dentists, speech therapists and other researchers have conducted clinical studies of human swallows (e.g. RIX, 1946; TULLEY, 1953; FINDLAY and KILPATRICK, 1960; CLEALL, 1965; HANSON, 1967; FLETCHER, 1971; HRYCYSHYN and BASMAJIAN, 1972) . Swallows associated with the consumption of water and saliva, and to a lesser extent those associated with mastication, have been monitored. MOYERS (1964a) notes that four types of swallows have been differentiated during the clinical studies of man: the command swallow of water, the command swallow of saliva, the unconscious salivary swallow and the unconscious swallow during mastication. Most animal studies have used anaesthetized or decerebrated cats, dogs, monkeys or rabbits. The stimulation of specific anatomic areas is effective in eliciting the swallowing reflex. The application of touch or fluids to the palate, the pharynx, the base of the tongue, the epiglottis or to the interior of the larynx evokes deglutition in these species (WALLER and PREVOST, 1870; KAHN, 1903 ; MILLER and SHERRINGTON, 1916; DOTY and BOSMA, 1956) . Electrophysiological stimulation of peripheral nerves or of areas within the central nervous system provokes similar muscle synergies (BEEVOR and HORSLEY, 1888; RYLANT, 1943; DOTY, 1951; DOTY and BOSMA, 1956; DOTY et al., 1967) .
Difficulties arise, however, in comparing the results of clinical and laboratory studies and in comparing studies which utilize different species. DOTY and BOSMA (1956) note that inter-and intra-species variations exist in the participation of the musculature during swallowing. In addition, swallows elicited under varying conditions (i.e. anaesthesia vs no anaesthesia) are not necessarily similar.
The purpose of the current study is to investigate certain patterns of muscular activity in the rhesus monkey during the oral phase of deglutition, under conditions similar to those used in clinical studies of man.
MATERIALS
AND METHODS Thirty-three monkeys (Macuca mulutta), 6 months-8 yr of age, were monitored serially in a total of 113 electromyographic recording sessions. Thirteen animals were monitored on five occasions, two animals on four, seven animals on three, eight animals on two occasions, and three animals on one occasion. One to four weeks elapsed between recording sessions on the same animal. From 1 to 2.5 hr were used for each session.
Each animal was anaesthetized by an injection of 6-10 mg/kg of Ketamine HCl. Ketamine is a short-acting, dissociative anaesthetic which has only a minor and transient effect upon the neuromusculature (KURODA and MCNAMARA, 1972 ). The anaesthetized monkey was then placed in a soundproof, electrically-shielded chamber and chaired in a primate-restraining device especially designed for electromyographic procedures . The head of the animal was oriented in a fixed position by means of a Plexiglas headholder to allow for normal jaw function in an unanaesthetized condition. Pairs of monopolar platinum electrodes were inserted aseptically into the anterior temporal, posterior temporal, masseter, orbicularis oris and the suprahyoid group of muscles including the anterior digastric, mylohyoid and geniohyoid. The latter three muscles were analysed as a single muscle group because of the difficulty in separating them anatomically during electrode placement.
The anterior heads of the two digastric muscles in Macucu muluttu are not separated into discrete bellies, as is typical in man. Rather, the anterior heads fuse at the midline, and, in addition, often blend with fibres of the mylohyoid muscle (BOSMA, 1967; HOWELL and STRAUS, 1969). Both heads of the lateral pterygoid were also monitored, using two 25 mm Teflon insulated needle electrodes which were passed extraorally through the sigmoid notch into one of the heads of the lateral pterygoid muscle. MCNAMARA (1973) has described separate and independent functions of the superior and the inferior heads of this muscle. All records were taken from the musculature on the left side. The EMG recordings were made on Kodak Linagraph direct-print paper using a Beckman Type R Dynograph amplifier and a Honeywell Model 1108 Visicorder.
After verification of electrode placement, the animal was left isolated in the soundproof room for a minimum of 30 additional minutes or until the e!Tects of the anaesthetic on the neuromusculature had dissipated. Three types of swallows were then studied in the monkey: salivary, water and masticatory. Recordings of the unprovoked salivary swallow were initiated while the animal was still in isolation. The investigator then entered the soundproof chamber, and generated water-swallows through the administration of 0.5 ml tap-water by syringe. The masticatory-swallow was recorded during or at the conclusion of chewing sequences elicited by feeding the animal bits of apple or sugar. Salivary swallows were also monitored during this portion of the recording session.
As no recordings of occlusal contacts were made, it was difficult to determine absolutely whether or not a particular swallow was "teeth together" or "teeth apart", classifications often used in human studies (Rrx, 1946) . However, the direction of mandibular movement observed during the swallow was noted. Also, the terms "unconscious" swallow and "command" swallow were not used in the present study, due to the obvious difficulties in communication with the experimental animal.
Patterns of muscle activity

RESULTS
In the various types of swallows (salivary, water and masticatory), three patterns of muscular activity could be identified. The relative occurrence of these patterns varied with the swallow type.
Pattern A. Activity was observed primarily in the suprahyoid muscle group and in the superior head of the lateral pterygoid muscle (Fig. la, Table 1 ). The suprahyoids usually fired concurrently with the lateral pterygoid in a well-circumscribed burst of activity for 250-350 msec. No elevator activity was evident, except for a few isolated spikes which occasionally occurred at the onset of suprahyoid activity in the masseter or anterior temporal muscles. The inferior head of the lateral pterygoid was inactive in this pattern, and in the other two patterns of swallowing. In pattern A swallows, the mandible was either stable or slightly elevated and it appeared that the teeth did not occlude. Pattern B. The activity of the suprahyoids was either similar to that observed in pattern A or the burst of activity was longer in duration by a maximum of 50 msec. In this type of swallow, the firings of the temporal and masseter muscles were greater in both duration and amplitude than in pattern A. The temporal muscle, the masseter muscle and the superior head of the lateral pterygoid muscles fired concurrently with the suprahyoids, with elevator activity lasting up to 200 msec (Fig. 1B) . The lowerjaw was raised and the teeth often appeared to occlude.
Pattern C. Elevator and superior-head activity preceded the suprahyoid burst, occasionally by as much as 450 msec (Fig. IC) . The mandible was raised and the teeth apparently occluded before the reflex phase of deglutition was initiated.
Occurrence of muscle patterns
The relative occurrence of these muscle patterns varied with the type of swallow (Fig. 2) . About 60-70 per cent of the salivary swallows were of pattern A, in which little or no elevator activity was observed. The remainder were of pattern C, except for the occasional occurrence of swallows with concurrent elevator activity (pattern B). Swallows associated with masticator-y sequences were entirely of pattern C. All three swallow patterns were elicited with the administration of water. Most water swallows were of pattern B and C, but about 10-15 per cent were characterized by minimal or no elevator activity (pattern A). However, both the relative occurrence of each pattern and the specific muscle sequence within each pattern varied with the individual animal. Most of the variation in the patterns of muscle activity during the swallow involved the activity of the elevator muscles and the activity of the superior head of the lateral pterygoid. The elevator musculature was usually more active in masticatory than in water and salivary swallows. However, the burst activity in the suprahyoids in patterns B and C swallows was of a relatively constant duration in each monkey. The average range of variation was only 50 msec (Table 1) . Only in the salivary swallow, recorded while the animal was isolated, was the suprahyoid activity slightly reduced.
Age-related differences were observed in the relative roles of the elevator muscles. The dominance of the anterior temporal in young animals gradually changed to masseter dominance in the more mature monkeys. However, the specific duration of elevator activity was more characteristic of a particular animal than of any age group. DOTY and BOSMA (1956) , in the electromyographic analysis of deglutition in dogs, cats and monkeys, state that swallowing is initiated by the abrupt onset of activity in specific muscles of the rostra1 pharynx. They term these muscles the "leading complex" of the swallow. This muscle synergy is essential to the swallow, with participation of these muscles always in a rigid temporal sequence. Such essential muscles as the mylohyoid and geniohyoid (two of the muscles of the suprahyoid group monitored in the current study) do not appear to be susceptible to proprioceptive or exteroceptive feedback or conditioning (DOTY and BOSMA, 1956; STOREY, 1967) . In the present study, the suprahyoid muscle group, acting together with the superior head of the lateral pterygoid muscles, demonstrated a well-circumscribed burst of activity which was characteristic of the swallow, regardless of the particular muscle pattern involved. The duration of suprahyoid activity was relatively constant in each monkey. Only during periods of isolation was there a slight decrease in the duration of suprahyoid activity. DOTY and BOSMA (1956) also note a similar decrease in the duration of the activity of the lead muscles of the swallow when the animal is not aroused. However, they report that the sequence of muscle action is not altered by the variation in overall duration of muscle action.
DISCUSSION
In contrast to the findings of the current study, Dory and BOSMA (1956) recorded no swallowing activity in the masseter or temporal musculature in monkeys. This discrepancy in findings may be explained by considering the elevator muscles as musculature which is supportive to the swallow. The supportive swallowing musculature includes those muscles involved in deglutition which do not follow a rigid time sequence. These muscles may or may not participate in any given swallow, or may fire at variable durations prior to or at the initiation of activity of the essential swallowing musculature. The supportive musculature is more sensitive to sensory feedback and thus illustrates more variation in functional activity.
The supportive musculature monitored in the present study includes the masseter muscle, the anterior and posterior portions of the temporal muscle, and the superior head of the lateral pterygoid muscle. These muscles can be affected by both anaesthesia (KURODA and MCNAMARA, 1972) , and changes in the postural position of the head (LUND, NISHIYAMA and MI?ILLER, 1970) . Activity is necessary in these muscles to stabilize or raise the mandible during deglutition when the animal is in an upright position.
Variation in the activity of the temporal muscle, the masseter muscle and the superior head of the lateral pterygoid muscle is evident even when the factors of anaesthesia and head position are held constant. The pattern of muscle activity during deglutition also appears to be related to the particular bolus which initiates the swallow. For example, minimal elevator activity is noted during salivary swallows, while elevator function always precedes the suprahyoid burst during swallows associated with mastication. However, variations in elevator function also occur during swallows in which the same type of bolus is consumed (i.e. saliva, water). In these instances, the size, shape and consistency of the bolus or the precise circumstances under which the bolus is introduced may also influence the activity of the supportive musculature.
Despite the variation in the patterns, swallowing activity in Mucaca mulutta under the present experimental conditions shows less variability in the duration and patterns of muscle function than does that of man. This may be partially due to the fact that it was possible to control the experimental conditions of the current study more than is usually possible for clinical studies of man. It can also be postulated that this reduced variability may be due in part to a reduction in psychic input of which has been shown in man to influence electromyographic recordings of the orofacial muscles (e.g. MOYERS, 1950; PERRY, 1954; GARNICK and RAMFJORD, 1961) .
As mentioned earlier, occlusal contacts were not monitored during this investigation and thus a precise determination of "teeth together" and "teeth apart" swallows was not possible. However, the direction of mandibular movement during deglutition was noted. The mandible was stabilized or raised during all patterns of swallowing activity, not lowered as has been observed in some infantile swallows in man (MOYERS, 1964b 
